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1. Process for the preparation of N-phosphono- 
methyl-glycir e by oxydating N-phosphonomethyl imino 
diacetic acid with oxygen or a gas containing oxygen in 
the presence of a catalyst which comprises oxydating 
N-phosphonomethyl imino diacetic ecid in an aqueous 
suspension • 


t 
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PROCESS FOR THE PREPARATION OF :<-Pm:;-,. 1 J\drnYL GLYCINE 


The prooent invention r^laia*.* : r* r improvement 
in the process for tho proporation o- \ i.i.wnphonome t hy 1 
glycine by oxydetion of N-phocphonomothy ; imino ciacetic 
acid with oxygen or a got* cento* nine oxy mjt in the 
5 presence of o catolya t . 

N-phospho.ioire t hy 1 glycine hnu -i<: known and 
widoly ueod for alnoet o decade for i • mm rb 1 c idal 
activity* N-phoephonome t ny i glycinu ( i y ; >nc* a te ) i3 

suitable for tho control of various norv . ;o : y ! o-onoue and 

*j n if : ro d 

10 dicotyledonous annual and perennial/;.: ~ t • n cose of 

poet-emergent treetr.ont, A particular j t l Uuye of the 
compound is that it does not possess .i- .o si stunt 
activity end thus it can be successfully ^ployed in 
crop rotatione (Proc. H. Cent. ;Veed C^'^ni Conf. 26, 

15 64 /1971/). 

N-phosphohofa« t hy 1 -g lyc ino in • vu-. ; wT:en prepared 

by oxydation of N - p h a *j p h o n o m« thy ] -j;:c .;c:^. 

One known proceus coripr:i>e- x yd tJ i : m .. : • -1 : i ,; «; 

material by hydrogen peroxide (DufJ . p:,t,!Mt 

20 Publication Nc . 73 C7 — ; ) . Accur-:: . - ■-"• i ' u: ' 

method tho acetic .a ■ ■ :rw..:; -^f .-..i . .i.. 

in tip 1 1 t ^ * f r; Y - : ' i : - ! V ' * .i> 
A lii-tl -91/b *Y 


Potent Spncl f icntion ? io . j.Mfj ~G!3). Elect r :j : y t J oxydntlon 
1*5 diticlonnd 1 n Carman roder;>l Republic Potent 3|»eci f ico- 
tlon No. 2 3G3 G24 US Patent SpocP'ir.jt ion No. 3 839 183. 
and British Patent Spnci f ication No. 1 ••52. G-V; . In 
5 roforenco No . 1 N-phosphonomo t hy 1 lmlno dlacotic acid la 
Subjected to anodic oxydotion in acidic nodlgp by uoing 
graphite electrodes, whoreas the leat two reforoncoa re- 
late to oxydotion carried out on the totroo'jtor group of 
N-phurphonomo t hy 1 inmo diocetic acid and the aimed and 
10 product ir, f omod by hydrolysJng the ohtaired N- phosphono- 
nethyl glycine triestor. 

Oxydation of N-phoaphcnone :hy 1 ;nir,c diacotic 
acid may also bo carried out with oxygen cr oxygen- 

,** # containing gos in the presenco of a catoly3t (US Patent 

15 Specification Uc . 3 969 398, German Federal Republic 
Patent Specification No. 2 519 383 and 3eigion Patent 
Specification No. 661 996). The advantage of the 
catalytical oxydation over the known nothod-j mentioned 
above is that it doee not require expensive chemcals or 

• 20 electrolysing equipments. Severe dra-,vh;;c!;o of th-a 

method, however co^e from the fact that ;-:-;-hos::ho'-iO thyl - 
inino diacetic acid used 3S starting r^iorml pecrly 
soluble in wato^ (saturation concentration cf rhe co-.- 

: pound at 25°C: 1 ^ by iveiGh: , at 00° C ; y .v* i ar.d 

25 even at 150°C i.e. av-'; in c.rie-j when ,:;m: r : : ... ; 

conducted at n fU ;;»;u r pre ....Tc t p r O -i r o . 

:wjlub!.\lty JinM-jM'.-i u^!y . y vms - 

Ffj<:'u r.i 1 R<;-; ' ' ' : ' ' * 


- .1 


As a coneoquenco of tho minimal solubility u( rv-phoophono- 
oethyl imino dlacetic acid aqueous oolutioni hove to be 
employed in a larga amount reducing thoroby tho useful 
capacity of the reactor and increasing thus the required 
5 energy, A large amount of water has to be renovod fron 
the effluents requiring a further amount of energy. Thie 
process is thus uneconomical considering both utilization 
of capacity and energy balance. 

In order to eliminate the disadvantagun mentioned 
10 above a method is disclosed in Belgian Patent Spooif lca- 
tlon No. 861 996, according to which the salt's of 
N-phoephonome thyl-imino dlacetic acid are used os 
starting material. Depending upon the character of the 
cation being present, the salts of N-phospho none t hy 3 imino 
•• 15 diacetic acid form a 5-30 % saturated solution with water 

of a temperature of lOO C. From the point c' view of 
•nergy-eeving oi.ly those salts may be uscj in large 
seals practice, the eolubility of which is close to the 
upper limit of the saturated concentration. Thus for 
20 example ieopropyl amine salt cf N-phosphonome t hy 1 imino 

diacetic acid may be employed. Data disclo-ed m Belgian 
Patent Spoci f i ca t i on No. 061 996 snow thut durw..j 
oxydation of the compourd a consldurdbl^ amount of Ly- 
products is formed (such as N-me t hy 1 -N- pho ph on t hy 1 
25 glycine and methylamine methyl phoaphonic .jc i J } , *Mcr. 
reduce the yield of the onJ-product ru.y rMi.^.-i.-d- 

from the and-pruduc:. only wi ih ■! - I t - *< 1 i : " - > ] '>'■' 
formation ut \>/-pr,,i^.\'i i:..iy ' «: J''' - ' ' - : ' 


used charcoal cetolyoto ore replocod by plotir.un cutolyot 
(in thi* case the rote of the main reaction la 
eelectively increeaod) side reactiono however can never be 
eliminated completely. a further disadventogo is the low 
yield of the reaction: icopropylamine salt of N-phosphono- 
•athyl glycine ie obtained even in the most favourable 
caee in the form of ebout 20 % aqueous solution, thus 
etill a large amount of water has to be romovod from the 
eolution (about 50 %) if the product is formulated in the 
commercially available form of a 36 % aqueous solution. 
Thie process is however somewhat more economical than 
the previoua process, but neither the purity of the 
product nor the energy balance of the proco3s ore 
satisfying. 

According to the invention the disadvantages of 
the mentioned known processes are eliminated by preparing 
pure N-phoephonome thy 1 glycine by an economic, energy- 
easing and capacity-increasing process. 

We have now found that catalytic oxyciation of N- 
phoephonome t hyl imino diacetic acid may L«e carried out 
in euepenelone converting thus N-phoaphono^Lt t h y 1 ij;;ino 
diacetic acid completely to N-phosphunome thy 1 glycine with 
a great specific conversion (related tu time unit ani 
identical liquid volumes). 

The process according to the invention »va*J not 
obvious in the light o1 tho disclosure tj i tiu rniofi Fu^oral 
Republic Potent 5poc: ( icmi ton Uo m :[J>\'"* I Uk: 
contrary in the ci lu i coto r-;:u.o .j ;>r. 


comprising tho oxyd,,tion of N-phoophonono i hy J imino 
diecetic acid corriod out in aqueouo solutions and not 
evon the uea of sups rsatura ted solutions 13 suggested 
because: "the precipitation of the starting material 
can be expected whereby the reaction is slowing down and 
the separation end purification of tho product becomes 
more difficult." 

Similar conclusions could he drown when con- 
sidering the roaction mechanism of auspons xons . As the 
reaction may take place only on the boundary surfaces, it 
can be expected that the reaction - it it takes place 
at all - will be extremely slow froni tho beginning, the 
rate of reaction will gradually decrease with accumulating 
end-product and when achieving o given concent ration the 
reaction subetantially cowes to an end as vhe Molecules 
of the end-product formed on the boundary surface can 
diffuse only very slowly into the inner pan of thu 
liquid layer. Thus even in tho most favourable cases only 
very slow reactions couU be expected in 3u:,pv.na i .on -.3 # 
where IOC % conversion is not achievud, ,vo h;jvo now 
surprisingly found thot the amount of the jujrtv.ig 
material converted within one tinje uni: (expressed in 
gramme) in a suspension is about twice j-j i,:uch us the 
amount obtained in the reaction conducted in li-ju^: layer 
and at the same time tho starting mater:, «J .-ran be 
completely converted to the end-product. 1 i n.j-j to 

noted thut n O t * O Of t h O COm;uiiI juiui ! y . ; . ■ ' • t. n < ; i i - , 

used in order to jcloIu ruto tnij rcra^:: ■,.,<!. 


(such ae pregrinriim in o colloid mill, trootmont with 
whetting agents etc.). 

The invention relates to an improvement in the 
proceee for the preparation of N-phosphonome t hyl glycine 
by oxydoting N-phoephonome thyl imino diacetic acid with 
oxygen or oxygen-containing gas in the presence of a 
catalyst* The process is characterized by conducting the 
oxydetion of N-phoephonome thyl imino diacetic acid in an 
aqueous suspension. 

The content of N-phosphonome thyl-imino diacetic 
acid of the aqueous suspension may vary within a relatively 
wide range. The lower limit is given by the solubility 
of N-phosphonome thyl imino diacetic acid at a given 
temperature, while the upper limit depends on the 
■iscibility of the reaction mixture. If tha reaction is 
carried out at 100 °C. then 5 % suspensions may be used 
as a lower limit but obviously suspensions containing 
30-40-50 % of solid may preferably be used. 

Oxydation is carried out with oxygon or a gas 
mixture containing oxygen, such as air. If us oxydating 
agent pure oxygen is employed, the rate cf reaction is 
higher than the r a te of oxydation conducted with air, but 
conaidering the needed equipments, energy auA Labour 
when pure oxygen is prepared, it is more w^unoruc tu use 
air as oxydating agent. 

The reaction tempt* ru r u ro mny vjry .vir; 1 u r :: - a ; / 

wide limits. The rouctlun l j t;;irr:u<1 um\ . ( • r ; 

ranging from re urn t t*m ;ju r .i : j r • * * o , t 


60 to 150 °C # mere preferably from 70 to 120 °C. 

The reaction may be conducted at normal pressure 
but the reaction rate is rather low when working under 
normal pressure. The reaction is preferably carried out at 
elevated pressure, such as 2-20 etm. It is particularly 
preferred if the reaction is conducted at 4-10 atm« Further 
improvement is not achieved, when increasing pressure 
above this value* 

Oxydation is always conducted under shaking or 
stirring. The rate of shaking or stirring should be 
sufficient to give a homogeneous suspension, local ln- 
homogenei t ies may 6low down the reaction and thus the 
end products may contain impurities. 

As catalysts known catalysts, such at> powder 
formed or granular charcoal (e.g. German Federal 
Republic Patent Specification No. 2 519 388), noble 
metal catalysts on a carrier (e.g* platinum or palladium 
applied on active charcoal), noble metoloxyde catalysts 
(such as platinum oxyde) end so on nay be employed. 
Nob?.e metal catalysts applied on active cuji (preferably 
platinum and palladium catalyst) ensure a higher initial 
rata of reaction than the active coal catalysts, i.e. 
they act as rate increasing catalysts as disclosed in 
Belgian Patent Spec i f i c o : 1 on No. 851 9 C J6 . Active 
charcoal may be 'Separated by cir.plc fiUr.i:io:. and it 
may ; .,e fully re cove rod L-y wjt.hino v%ith hut v,.;t-r ;*na 
by drying or lOO-l:?*-? . ,, t ' t ' ■-■-p-r : : Y : ' (: 
suspend*:-: in Sot wate -<> « -\:\ 


oxygen-containing gas, e.g. with air and followed by 
drying. The catalytic activity of the recovered catalyst 
has not decreased after 10 working cycles. 

According to Belgian Patent Specification Nr. 
861 996 active charcoal used as a catalyst of the 
oxydation carried out in a solution looses its activity 
after a few cycles and cannot be recovered anymore. 

According to the invention, nowever no 
significant losses in the material were observed in the 
course of the recovery of the catalyst. 

At least 5 mg. of catalyst are used per 1 g. 
starting N-phosphonoms thy 1 imino diecetic acid. The upper 
limit of the amount of the catalyst is substantially given 
by economic viewpoints. The amount of the catalyst may 
be e.g. 0.5-100 %, preferably 5-60 %, particularly 5-40 % 
of the amount of N-phoephonome thy 1 imino diacetic acid. 

According to the process of the invention N- 
phosphonome thy 1 glycine is obtained in the form of a pure 
product ehown by NMR spectroscopy. The obtained 
aqueous solution may be concentrated, if desired, according 
to the demands of the user, or N-phosphonome t hy 1 glycine 
may be separated in solid form as well. Solutions 
obtained according to the invention and containing N- 
phosphonome thy 1 glycine may after distilling off 
formaldehyde, direc t ly be employed for agrochemical 
purposes • 

The further Examples servo ni'jroly mm i I ! wm i r m t. i on 
and not for limitation. 


Example 1 

Compero t ive Ex amp le 

The reaction ia carried out in an acid-fast 
200 ml* cylindrical steel tank equipped with a heating 
Jacket, thermometer, and en air-introducing and air-outlet 
valve. To the reactor a solution of 4 g. of N-phosphono- 
methyl iminodiacetic acid in 100 ml. of water of a 
temperature of 100 °C is added and to the solution 0*4 g. 
of Norit A catalyst is introduced. The reactor is 
sealed, fixed on a shaker and to the reactor air is 
introduced until a pressure of 6 atm. is achieved. The 
reaction is carried out at 90-95 °C under steady stirring 
of the reactor* Tho formaldehyde end carbon dioxide 
formed during the reaction is blown out from the reactor 
every 30 minutes. Under such conditions the reaction is 
completed within 2*5 hours and thus 2.b g. (100 %) of 
pure N-phosphonome thy 1 glycine are obtained (purity 
verified by NMR spectroscopy)* Specific conversion is 
calculated according to the following formula: 

weight of end product (g.) 

specific conversion - 

volume of liquid reaction time 
(liter) * (hour) 

Specific conversion: 11.2 g./l.hour 

Exanple 2 

One muy proceed according to Exjninle "1 t)Jt 
storting material 10c /; . ji water, :'?0 .] . of N-pho-.,r.::u:-.-- 
methyl imino diacctic .ir:H jnd c.^.: 1 :-. ' :. -: ? 1 * 


• 10 - 

A are used. After 8 rear ion time of G.5 houro 14 g. 
of N-phoephonome thy 1 glycine ere obtained ond thus th#» 
specific conversion amounts to 2l#5 g ./lit era .hour 
(1*9 times more than the value achieved according to 
the comparative Example ). 

Example 3 

One may proceed as disclosed in Example 1 but 
as starting material 100 g. of water, 40 g. of N— 
phosphonome thy 1 imino diacetlc acid and as catalyst 4 g* 
of Norit A catalyst are used. After a reaction time of 
10 hours 28.6 g. of pure N-nhosphonome thy 1 glycine are 
obtained (verified by NMR spectroscopy). Specific 
conversion: 28*6 g ./liters .hour (2.5 times more than 
the value obtained in the compsretive Example) • 

Example 4 

One may proceed ee disclosed in Example 1 but 
as starting material 100 g. of water, 30 g. of N-phoephono- 
methyl imino diacetic acid end as catalyst 3 g«, of Norit A 
catalyst are employed. Atter a reaction rica of 8.5 hours 
21 »2 g* of pure N-phosphenome thy 1 glycine are obcained 
(verified by NMR spectroscopy). Specific conversion: 
24.9 g*/liter s .hour (2.2 t lmoc more than the value 
achieved by the comparative Example) • 

Example 5 

The rc-tiction i •, arritu* ivji : • '.:i:r:» 


- i ; - 

fast end pressure resisting otoel autoclave ©quipped mith 
a haating Jeckot, rhcrmowf tor, air Introducing and air 
outlet valve and paddle etirrer. To the autoclave 30U 
g. of N-phoephonome thy 1 Imino diecetic acid, 1000 ml. of 
5 water and 30 g. of Norlt A are introduced* The autoclave 
la sealed, the roection mixture ia heated to 90-05 °C, 
and air la led to the autoclave under the liquid level 
until 6 eta preesure le achieved* The ruspenelon la 
etlrred at a reto of 400 rpm. After a reaction time of 
lO 8*5 houre 208 g. of pure N-phosphonotnc thy 1 glycine are 

• obtained, the purity of which la checked by NMR spectro- 

l ecopy. Achieved specific conversion: 24.4 g */l i t ere • hour 

• (2*2 tinee more than the value obtained by the comparative 

• Example) • 

15 When the reaction Is completed, the catalyst 

Is Immediately filtered off, the mixture is washed with 
hot water and dried at 110 °C» The thus recovered 

• cetelyet le ueed In further operations. 

Example 6 

20 One may proceed as disclosed in Example 5, but 

as starting material 1OO0 ml. of »eter f <?GG g. of N- 
phophonome thyl Imlno dlecetlc ar.ld and ae catalyst 20 g. 
of Norlt A recovered ee disclosed in E^a^ple 5 are used. 
After a reaction time of 6.5 hours, 146 g. of N-phosphono- 

26 methyl glycine, the purity of hhich u verified by Nf-tf? 
spectroscopy, oro obtained, Acf-:'.cM.'»i :ipcn:itii: cor- 
varsioni 22.4 g./l i t nro .ho^r -j^icy t f . »..:,: n : .•- m.-: 


- ;2 - 

in the corporative L : *o<r. ple)» 

The COtdlyOt 10 rtCOvgrcd 09 doftCr itf»,1 \n ( rorrp 

h end unod In further optrat lono. 
Example 7 

5 Ono may proceed ae described \r f^o-plo 1 but oe 

starting wetoriei 100 «1 # cf water, 20 g. of h -phoer-hono- 
methyl imino dlacetlc ecld end oi catalyst 2 q. of Korix 
A cat alyot - recover ed again after the reaction dlocloeed 
In Exafflplo6-orc used* After a reaction t mo of G#5 

10 hours 14,2 g. o 1 pure N-phosphono»e t hy 1 - g ]y c i ne urr 

obtained, the purity of which lo verified by N«* epccm>- 
•copy. Achieved specific conversion: 21*6 g • /! i t era .hour 
(1.9 times sore than the value achieved according to the 
coraperot ive Example) • 

15 The catalyst le used in further fve working 

cycles efter recovery. The activity of the catalyst is 
not reduced* 

One may procoro a6 discloeoo in E*6-^lc : i^wi as 
20 starting cateridl ICO nl # of water. ;?c- g. of ^r^^ r -^«" 
nethyl iniino diacetic acid trnd t»e cat-lyst : ^ 
palladium/charcoal (CdTDo C E>tro) arc c^l-y-- ;,: ° r 
a robCtion r ibc ct hours 14,-; «j . 3' i-r c 
r.elhyl glycine ate u:.. t .> : f r. J # t = 

2 5 Verified by NKK 3| (5i.', ( ;?r.**'.J|-> • ■ ' • r ' r 

- - • i " t r . : ! * ; ' 
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value obtained in the comparative Example) . 
Example 9 

One may proceed as disclosed in Example 1 but es 
starting material lOO ml. of water, 20 g. of N-phosphono- 
5 methyl imino diacetic acid and as catalyst 2 g. of Carbo 
C Extra are employed. After 7 hours reaction time 
14.3 g. of pure N-phosphonome thy 1 glycine are obtained 
the purity of which was checked by NMR spectroscopy. 
Achieved specific conversion: 20.8 g ./lite rs .hours (1.85 
10 times more than the value achieved by the comparative 
Example) • 

Example 10 

One may proceed as disclosed in Example 1 but as 
starting material 100 ml. of water, 20 g. of N-phosphcno- 

15 methyl imino diacetic acid and as catalyst 2 g- of 5 % 
platinum/charcoal (Carbo C Extra) are used, After a 
reaction time of 4.5 hours 14.2 g* of pure N-phcsphono- 
methyl glycine are obtained the purity of which is cnecked 
by NMR spectroscopy* The achieved specific conversion: 

20 31*5 g./liters .hours (2.-9 tirr.es r.ore rhan the value 
obtained by the comparative Example-, • 

When comparing data of Examples S 
be observed that by usi'.g r.cble metals n 
rate may be increases. 


■ oT^y :-<:Iyc We by oxyrj;,: in g \ - f ^ c o p h o - o mo t hy I m i i 


no 

dincciic .«c;d >%itn oxy^or or t- gn-> ccn!A:.r.ing oxygen in 
^ The .-n^rpre of d rotolyst which coirrprif,^ oxydating 
N-;/r.:.pK,. in :, )ri( ,thy; i-;r.o ciocutlc acid in on oqu«our> 

A pr-,c«::*-» a^i c;ni*rc^ 1 ' i c I : ^ " CD^pr;3ir.g 
wGinc u 3L':iP«.jr.;;:c." r_r- : a ; r. ; r. - 7-7G g . o< !*- phcophono- 
]0 mothyl imino diRC"' lc odd rvla'zi to 1 LC Aoter 
o 6 y t «# r t i i . g r-ato r* . 1 . 

3. A [irccein c!^;."o- : r, c-.r.:. 3 ;%hirh comprises 

using u ouBponoior. '•■■'tannine /:C to 50 c • c-f N-phospr.ono- 
mothyl ini.no iioc.vi.ic bC 1 i rel jt to *vC -1. of Auter 
15 as ttart ing r.8t«riol# 


1 ro 3 which corpriece using air as :rs ccr;j;r.: 
oxygen. 

5 • A precede ; • s r. ■ 


20 claims # which c c-mp r i j>f?s 


j ,* i ;*i w»*c * * f • n * ** : t* r «■ ,: c t _ c n . r i t 


elevated preciurt . 

» a ; r k , i* i ^ ^ *_ »: I : • . *- .j : : » ^ T ! r* t: r ^- i u £> 

claims whic^ conpfiries u-jing uc? : . t? c • . : r c; o ^ i a ti c a t h 1 y *j t # 
sopara: ed u t : r- r t re rt? .-»-.■::.: ■ :. % * . - * f rec:-.'.-r«o 
by rvdt> h i riy a : t h r. 


cut.: r 1 n r? - 
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